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(57) A method for manufacturing a reinforcing fiber
base material (PS) includes a placement step of placing
a sheet-shaped reinforcing fiber material piece (PT’), in
which reinforcing fibers are arranged so as to extend in
one direction and bound together with a thermoplastic
resin, on a table (40, 80) so that the orientation direction
of the reinforcing fibers is at an angle with respect to a
longitudinal direction of the reinforcing fiber base material

(PS), and a welding step in which, in a state in which a
previously placed reinforcing fiber material piece (PT’)
and the reinforcing fiber material piece (PT’) placed sub-
sequent thereto are abutted against each other in the
longitudinal direction, adjoining edges of the two reinforc-
ing fiber material pieces (PT’) are welded together to form
a continuous sheet shape.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a thermoplastic
reinforcing fiber base material having the shape of a con-
tinuous elongated sheet and used to form a fiber rein-
forced composite material.

2. Description of the Related Art

[0002] A fiber reinforced composite material, such as
carbon fiber reinforced plastic (CFRP), has a multilayer
structure obtained by laying up a plurality of layers of
reinforcing fiber base material (for example, prepreg
formed by impregnating reinforcing fibers (carbon fibers
or the like) with a matrix resin). The matrix resin may be
a thermosetting resin or a thermoplastic resin. It is known
that the formability of the reinforcing fiber base material
is higher when a thermoplastic resin is used as the matrix
resin than when a thermosetting resin is used.
[0003] The reinforcing fiber base material may be a
woven material obtained by impregnating a woven fabric,
formed by using reinforcing fibers as warp and weft yarns,
with the matrix resin or a so-called UD material obtained
by binding reinforcing fibers together by impregnating the
reinforcing fibers with the matrix resin while the reinforc-
ing fibers are arranged so as to extend in one direction.
Instead of the above-described prepreg obtained by im-
pregnating the woven cloth or the reinforcing fibers ar-
ranged so as to extend in one direction with the matrix
resin, the reinforcing fiber base material may be so-called
semi-preg, which is obtained by applying a sufficient
amount of matrix resin to keep the reinforcing fibers
bound to the reinforcing fibers.
[0004] As described above, the fiber reinforced com-
posite material has a multilayer structure including layers
of the reinforcing fiber base material, and is formed by
laying up the layers of the reinforcing fiber base material.
In the lay-up process, for example, a roll body obtained
by winding an elongated sheet-shaped reinforcing fiber
base material, such as the above-described woven ma-
terial or UD material, into a roll is prepared. The reinforc-
ing fiber base material is pulled from the roll body and
successively laid up to form a structure in which a plurality
of reinforcing fiber base material pieces cut off from the
roll body are laid up.
[0005] When the fiber reinforced composite material is
formed, the reinforcing fiber base material pieces may
be laid up so that the orientation direction of the reinforc-
ing fibers differs between the reinforcing fiber base ma-
terial pieces that form the layers. The fiber reinforced
composite material formed in this way is known to have
a higher rigidity and a higher strength compared to that
formed by laying up the reinforcing fiber base material
pieces so that the reinforcing fibers have the same ori-

entation direction.
[0006] Accordingly, when the fiber reinforced compos-
ite material in which the orientation direction of the rein-
forcing fibers differs for each layer is to be formed by
using the above-described UD material as the reinforcing
fiber base material, the lay-up process is performed by
laying up the reinforcing fiber base material while chang-
ing the direction in which the reinforcing fiber base ma-
terial is pulled from the roll body for each layer. In other
words, the lay-up process includes a step of changing
the direction in which the reinforcing fiber base material
is pulled for each layer.
[0007] Here, Japanese Unexamined Patent Applica-
tion Publication No. 2011-219269 (hereinafter referred
to as Patent Document 1) discloses a method for prepar-
ing an elongated sheet-shaped reinforcing fiber base ma-
terial (prepreg sheet material) in the form of a roll body
as described above. The reinforcing fiber base material
is prepared as a bias ply material (angle layer material)
in which the orientation direction of the reinforcing fibers
is at an angle with respect to the longitudinal direction of
the reinforcing fiber base material (direction in which the
reinforcing fiber base material is pulled from the roll
body). More specifically, according to the method dis-
closed in Patent Document 1, a reinforcing fiber material
formed by impregnating reinforcing fibers arranged so
as to extend in one direction with a matrix resin is laid up
on a base material, which is a sheet-shaped support
member (a sheet material made of polyethylene film, pa-
per, or the like). The reinforcing fiber material is succes-
sively laid up on the base material in parallel at different
positions in the longitudinal direction of the support mem-
ber while being at an angle with respect to the longitudinal
direction. Thus, an angle layer material (reinforcing fiber
base material) in which the orientation direction of the
reinforcing fibers is at an angle as described above is
manufactured. Patent Document 1 also discloses that
the matrix resin used to form the UD material is a resin
that can be melted by heat (thermoplastic resin).
[0008] The reinforcing fiber base material in which the
orientation direction of the reinforcing fibers is at an angle
as described above can be manufactured in the above-
described manner. When a plurality of types of reinforc-
ing fiber base materials, such as the above-described
UD materials, in which the reinforcing fibers are oriented
in different directions with respect to the longitudinal di-
rection thereof are prepared, the reinforcing fiber base
materials can be laid up to form a fiber reinforced com-
posite material in which the orientation direction of the
reinforcing fibers differs for each layer without changing
the direction in which the reinforcing fiber base materials
are pulled from the respective roll bodies.
[0009] Unfortunately, Patent Document 1 discloses
only a method for manufacturing a reinforcing fiber base
material as an angle layer material in the form of a sheet
in which the reinforcing fiber material is laid up on and
bonded to the support member, as described above.
Therefore, the fiber reinforced composite material

1 2 



EP 3 243 641 A1

3

5

10

15

20

25

30

35

40

45

50

55

formed by laying up the reinforcing fiber material includes
layers of the above-described support member. No meth-
od for manufacturing a reinforcing fiber base material as
an angle layer material including only a layer of reinforc-
ing fiber material has yet been proposed.

SUMMARY OF THE INVENTION

[0010] Accordingly, the present invention relates to the
manufacture of a reinforcing fiber base material, and pro-
poses a method for manufacturing a reinforcing fiber
base material as a new angle layer material including
only a layer of reinforcing fiber material (formed only of
a single layer of reinforcing fiber material), and the rein-
forcing fiber material.
[0011] A method for manufacturing a reinforcing fiber
base material according to the present invention is a
method for manufacturing a reinforcing fiber base mate-
rial having a shape of a continuous elongated sheet and
used to manufacture a fiber reinforced composite mate-
rial, the reinforcing fiber base material including reinforc-
ing fibers oriented in a same orientation direction and a
thermoplastic resin and being formed so that the orien-
tation direction of the reinforcing fibers is at an angle with
respect to a longitudinal direction of the reinforcing fiber
base material.
[0012] The method includes a placement step and a
welding step. The placement step is a step of placing a
sheet-shaped reinforcing fiber material piece, in which
the reinforcing fibers are arranged so as to extend in one
direction and bound together with the thermoplastic resin,
on a table so that the orientation direction of the reinforc-
ing fibers is at an angle with respect to the longitudinal
direction of the reinforcing fiber base material. The rein-
forcing fiber material piece is placed behind the previous
reinforcing fiber material piece, which has been placed
previous thereto, in a feeding direction of the reinforcing
fiber base material on the table. The feeding direction
being parallel to the longitudinal direction. In the welding
step, in a state in which the previous reinforcing fiber
material piece and the subsequent reinforcing fiber ma-
terial piece placed subsequent thereto are abutted
against each other in the longitudinal direction, adjoining
edges of the previous reinforcing fiber material piece and
the subsequent reinforcing fiber material piece are weld-
ed together to form a continuous sheet shape.
[0013] A reinforcing fiber base material according to
the present invention has a shape of a continuous elon-
gated sheet and is used to manufacture a fiber reinforced
composite material. In the reinforcing fiber base material,
sheet-shaped reinforcing fiber material pieces, in each
of which reinforcing fibers are arranged so as to extend
in one direction and bound together with a thermoplastic
resin, are arranged in a longitudinal direction of the rein-
forcing fiber base material in such a state that the orien-
tation direction of the reinforcing fibers differ from the
longitudinal direction, and adjoining edges of the rein-
forcing fiber material pieces that adjoin each other in the

longitudinal direction are welded and integrated together
so that the reinforcing fiber base material is formed in a
continuous sheet shape.
[0014] According to the method of the present inven-
tion for manufacturing a reinforcing fiber base material
as the above-described angle layer material, a reinforc-
ing fiber base material including only a reinforcing fiber
material can be manufactured without using a support
member, such as a film, and without performing a lay-up
process as in the manufacturing method according to the
above-described Patent Document 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015]

Fig. 1 is a perspective view of an example of a ma-
chine for implementing a manufacturing method ac-
cording to the present invention;
Figs. 2A and 2B are schematic diagrams illustrating
the structure of a mechanism included in the ma-
chine illustrated in Fig. 1 for describing the operation
of the mechanism;
Fig. 3 is a schematic plan view of a section of the
machine illustrated in Fig. 1 in which the manufac-
turing method according to the present invention is
carried out; and
Fig. 4 is a perspective view of another example of a
machine for implementing the manufacturing meth-
od according to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0016] An embodiment (example) of a method for man-
ufacturing a reinforcing fiber base material according to
the present invention will now be described. In the ex-
ample described below, the present invention is imple-
mented by a machine based on an automatic lay-up ma-
chine illustrated in, for example, Fig. 1. In the example
described below, reinforcing fiber material pieces used
to manufacture the reinforcing fiber base material are
narrow sheet-shaped material pieces formed of thermo-
plastic UD prepreg obtained by impregnating carbon fib-
ers, which serve as reinforcing fibers, arranged so as to
extend in one direction with a thermoplastic resin (for
example, polyamide-based resin, polypropylene-based
resin, acrylic resin, or ABS resin). The reinforcing fiber
base material according to the present invention has the
shape of an elongated sheet. In this example, the rein-
forcing fiber base material is formed so that the orienta-
tion direction of the reinforcing fibers (carbon fibers) is at
an angle with respect to the longitudinal direction of the
reinforcing fiber base material and a width direction of
the reinforcing fiber base material that is perpendicular
to the longitudinal direction and the horizontal direction.
[0017] The machine illustrated in Figs. 1 to 3 (herein-
after referred to as base-material forming machine) is
based on an automatic lay-up machine and used to im-
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plement the method for manufacturing a reinforcing fiber
base material according to the present invention in this
example. The structure of the base-material forming ma-
chine is basically similar to that of the automatic lay-up
machine disclosed in Japanese Unexamined Patent Ap-
plication Publication No. 2015-217540 except for the part
related to the present invention and a portion of a supply
head (head device).
[0018] As illustrated in Fig. 1, the base-material form-
ing machine includes a supply head 20, a table 40, and
a support mechanism 50. A raw-material roller 21 for a
reinforcing fiber material, from which the reinforcing fiber
material pieces are obtained, is mounted in the supply
head 20. The reinforcing fiber material pieces are suc-
cessively placed on the table 40 to form a sheet-shaped
reinforcing fiber base material. The support mechanism
50 is a double-housing mechanism on which the supply
head 20 is supported (suspended). The support mecha-
nism 50 moves the supply head 20 above the table 40
to place the reinforcing fiber material pieces on the top
surface of the table 40. The base-material forming ma-
chine also includes a take-up mechanism that takes up
the reinforcing fiber base material that has been formed
in the shape of a sheet on the table 40.
[0019] Each of the above-described components will
now be described. The table 40 includes a top plate 41
having a rectangular shape in plan view, and a support
base 43 that supports the top plate 41. The top surface
of the top plate 41 of the table 40 serves as a placement
surface on which the reinforcing fiber material pieces are
placed.
[0020] The support mechanism 50 has a double-hous-
ing structure as described above, and includes a gantry
unit and a saddle unit 57. The gantry unit includes a pair
of side rails 51, a pair of columns 53 provided so as to
correspond to the respective side rails 51, and a cross-
beam 55 that extends between the columns 53. The sad-
dle unit 57 is provided on the crossbeam 55 of the gantry
unit and supports the supply head 20.
[0021] In the support mechanism 50, the side rails 51
of the gantry unit form a base of the support mechanism
50, and include elongated rectangular columnar base
portions 51 a as main bodies thereof. The side rails 51
are placed on the floor at both sides of the table 40 in the
short-side direction of the top plate 41 so that the longi-
tudinal direction thereof is parallel to the long-side direc-
tion of the top plate 41 of the table 40. A guide rail 51 b
is provided on the top surface of the base portion 51 a
of each side rail 51. The guide rail 51 b guides the move-
ment of the corresponding column 53 in the longitudinal
direction. As described above, the long-side direction of
the table 40 (top plate 41) and the longitudinal direction
of the side rails 51 are the same, and these directions
coincide with the front-rear direction of the base-material
forming machine. In the following description, these di-
rections and directions parallel thereto are generically
referred to as the "front-rear direction".
[0022] Each column 53 includes a mount portion 53a

and a pair of pillars 53b that stands on the mount portion
53a. The mount portion 53a of each column 53 is mount-
ed on the base portion 51 a of the corresponding side
rail 51, and is guided by the guide rail 51 b of the side
rail 51 to enable the column 53 to move in the front-rear
direction of the side rail 51. The crossbeam 55 is an elon-
gated rectangular columnar beam member, and extends
between the columns 53 so that both ends thereof are
attached to the top ends of each of the pillars 53b of the
columns 53. When the crossbeam 55 is disposed in the
above-described manner, the columns 53 are at the
same position in the front-rear direction of the side rails
51. Thus, the crossbeam 55 is arranged so that the lon-
gitudinal direction thereof coincides with the direction
perpendicular to the front-rear direction of the side rails
51 (short-side direction of the table 40 (top plate 41)).
[0023] In the gantry unit including the above-described
beam structure, a driving mechanism including, for ex-
ample, a rack, a pinion gear, and a driving motor (none
of them are illustrated) is provided between each side
rail 51 and the corresponding column 53. More specifi-
cally, the gantry unit is configured so that the columns
53 and the crossbeam 55 that extends between the col-
umns 53 can be driven by the driving mechanisms so as
to move in the front-rear direction of the side rails 51. As
described above, the long-side direction of the cross-
beam 55 and the short-side direction of the table 40 (top
plate 41) are the same, and these directions coincide
with the width direction of the base-material forming ma-
chine. Accordingly, these directions and directions par-
allel thereto are generically referred to as the "width di-
rection".
[0024] The saddle unit 57 is a mechanism for allowing
the supply head 20 to be supported by the support mech-
anism 50, and is provided on the crossbeam 55 of the
gantry unit structured as described above. The saddle
unit 57 includes a plate-shaped saddle base 57a, which
is movable in the width direction on the crossbeam 55,
as a main body. The saddle unit 57 also includes a sup-
port shaft 57b that is rotatably supported by the saddle
base 57a in such a manner that the support shaft 57b
projects downward from a surface of the saddle base 57a
that faces the crossbeam 55. The crossbeam 55 of the
gantry unit has a hole 55a that extends through the cross-
beam 55 in the top-bottom direction and that is elongated
in the width direction. The hole 55a receives the support
shaft 57b and enables the saddle unit 57 to be moved in
the width direction. The support shaft 57b of the saddle
unit 57 extends downward through the hole 55a to a re-
gion below the crossbeam 55.
[0025] The saddle unit 57 includes a head driving
mechanism provided on the saddle base 57a. The head
driving mechanism is configured to rotate the support
shaft 57b, and includes a driving motor 57c and a driving-
force transmission mechanism 57d that couples the driv-
ing motor 57c to the support shaft 57b and transmits the
rotation of the output shaft of the driving motor 57c to the
support shaft 57b. Accordingly, the support shaft 57b of
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the saddle unit 57 is rotatable around the axis thereof
that extends in the vertical direction by the head driving
mechanism.
[0026] The support mechanism 50 includes a driving
mechanism provided between the saddle unit 57 and the
crossbeam 55. The driving mechanism moves the saddle
unit 57 in the width direction. An example of the driving
mechanism is illustrated. This driving mechanism in-
cludes a driving motor 59a attached to a side surface of
the saddle base 57a of the saddle unit 57 so that the axis
of the output shaft of the driving motor 59a extends in
the vertical direction, a rack 59b attached to a side sur-
face of the crossbeam 55, and a pinion gear 59c that is
attached to the output shaft of the driving motor 59a and
meshes with the rack 59b. Thus, the support mechanism
50 is structured such that the saddle unit 57 can be driven
by the driving mechanism so as to move in the width
direction on the crossbeam 55.
[0027] The supply head 20, which supplies the rein-
forcing fiber material, is attached to the support shaft 57b
of the saddle unit 57 included in the support mechanism
50 having the above-described structure, thereby being
suspended from the crossbeam 55 of the support mech-
anism 50. In the support mechanism 50, the columns 53
are driven so as to move in the front-rear direction on the
side rails 51, and/or the saddle unit 57 is driven so as to
move in the width direction on the crossbeam 55, so that
the supply head 20 move in the front-rear direction, in
the width direction, or in a direction that crosses the front-
rear and width directions above the table 40.
[0028] The supply head 20 includes a support frame
including a pair of support plates 23 as a main body, and
supports the raw-material roller 21 in the region between
the support plates 23. The raw-material roller 21 is ob-
tained by winding an elongated tape-shaped reinforcing
fiber material around a reel (spool). In this example, the
reinforcing fiber material of the raw-material roller 21 is
a material obtained by forming thermoplastic UD prepreg,
containing carbon fibers as the reinforcing fibers, in the
form of a narrow tape (hereinafter referred to as "prepreg
tape PT").
[0029] In the base-material forming machine, the pre-
preg tape PT is pulled from the raw-material roller 21
mounted in the supply head 20, and prepreg tape pieces
PT’, which are reinforcing fiber material pieces cut off
from the prepreg tape PT, are successively placed on
the table 40 (top plate 41). Accordingly, the supply head
20 includes mechanisms for placing each prepreg tape
piece PT’ on the table 40 inside the support frame (in the
region between the support plates 23).
[0030] Figs. 2A and 2B are schematic diagrams illus-
trating the structure inside the support frame of the supply
head 20. As illustrated in Figs. 2A and 2B, in the supply
head 20, the prepreg tape PT pulled from the raw-mate-
rial roller 21 is wound around a guide roller 22 and redi-
rected, and is fed toward a placement mechanism 27 that
places the prepreg tape PT on the table 40. In the supply
head 20, two nip roller pairs 24 and 25, each of which is

a pair of rollers, are disposed between the guide roller
22 and the placement mechanism 27.
[0031] The nip roller pairs 24 and 25 respectively in-
clude driving rollers 24a and 25a that are rotated at a
predetermined rotational speed by a driving mechanism
(not illustrated) and driven rollers 24b and 25b that are
capable of coming into contact with and moving away
from the driving rollers 24a and 25a. The driven rollers
24b and 25b are rotated by being pressed against the
driving rollers 24a and 25a when the prepreg tape PT is
being placed on the table 40. The prepreg tape PT that
has passed the guide roller 22 is guided while being
nipped by the nip roller pairs 24 and 25, and is fed toward
the placement mechanism 27 in accordance with the ro-
tation of the driving rollers 24a and 25a of the nip roller
pairs 24 and 25.
[0032] The supply head 20 also includes a cutting de-
vice 26 for cutting off the prepreg tape piece PT’ from the
prepreg tape PT so that the prepreg tape piece PT’ having
a predetermined length is placed on the table 40. The
cutting device 26 is disposed between the nip roller pairs
24 and 25, and includes a cutter 26a that cuts the prepreg
tape PT and a receiving pad 26b that faces the cutter
26a in the top-bottom direction. The receiving pad 26b
is disposed so that the top surface thereof, which serves
as a receiving surface, is at substantially the same posi-
tion as the path of the prepreg tape PT between the nip
roller pairs 24 and 25 in the top-bottom direction.
[0033] The cutting device 26 also includes a driving
mechanism (not illustrated) for moving the cutter 26a be-
tween a retracted position at which the cutter 26a is sep-
arated from the receiving pad 26b and a cutting position
at which the edge of the cutter 26a is in contact with the
receiving surface of the receiving pad 26b. The prepreg
tape PT is cut by moving the cutter 26a toward the re-
ceiving surface 26b while the prepreg tape PT extends
between the nip roller pairs 24 and 25 (while the prepreg
tape PT is nipped by the nip roller pairs 24 and 25).
[0034] The placement mechanism 27 is a mechanism
for placing the prepreg tape PT fed from the nip roller
pair 25 on the table 40 (top plate 41), and includes a
placement guide 27a for pressing the prepreg tape PT
from above and placing the prepreg tape PT on the table
40 at a desired position. The placement mechanism 27
is structured such that the placement guide 27a is sup-
ported by a ball screw mechanism and is driven so as to
move in the top-bottom direction.
[0035] More specifically, the placement mechanism 27
includes a ball screw mechanism including a driving mo-
tor 27b, a screw shaft 27c coupled with the output shaft
of the driving motor 27b, and a nut 27d screwed on the
screw shaft 27c. The placement guide 27a is supported
by the nut 27d of the ball screw mechanism with a bracket
27e provided therebetween. The placement mechanism
27 also includes a guide (not illustrated) that prevents
the nut 27d and the bracket 27e from rotating together
with the screw shaft 27c and guides the movement of the
bracket 27e and the placement guide 27a in the top-bot-
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tom direction. Thus, the placement mechanism 27 is
structured such that the driving motor 27b rotates the
screw shaft 27c to move the nut 27d and the bracket 27e
upward or downward depending on the rotation direction
of the screw shaft 27c, thereby moving the placement
guide 27a in the top-bottom direction.
[0036] The driving motor 27b of the placement mech-
anism 27 is controlled so that the placement guide 27a
moves in the top-bottom direction between two positions:
an operation position, at which the placement guide 27a
is located when the prepreg tape PT is placed on the
table 40 and which is close to the above-described place-
ment surface of the table 40, and a retracted position, at
which the placement guide 27a is spaced from and above
the placement surface of the table 40.
[0037] With the above-described structure, as de-
scribed above, the columns 53 and/or the saddle unit 57
of the support mechanism 50 move in the above-de-
scribed manner to move the supply head 20 above the
table 40. The supply head 20 feeds the prepreg tape PT
from the nip roller pair 25 of the supply head 20 toward
the placement mechanism 27 by an amount correspond-
ing to the amount of movement thereof. Also, the place-
ment guide 27a of the placement mechanism 27 is moved
downward to the operation position so that the prepreg
tape PT fed from the nip roller pair 25 is pressed against
the table 40 by the placement guide 27a (Fig. 2A). Ac-
cordingly, as the supply head 20 moves, the prepreg tape
PT is placed on the table 40 along the movement path
of the supply head 20.
[0038] Then, in the supply head 20, when a predeter-
mined length of prepreg tape PT is pulled from the raw-
material roller 21, the rotation of the driving roller 24a
included in the nip roller pair 24 located upstream of the
cutting device 26 (closer to the raw-material roller 21
along the path of the prepreg tape PT) is stopped, and
the prepreg tape PT is cut by the cutting device 26 at a
location between the nip rollers 24 and 25. Accordingly,
feeding of the prepreg tape PT is stopped in the region
upstream of the cutting position so that the prepreg tape
PT is not pulled from the raw-material roller 21. A portion
of the prepreg tape PT closer to the leading end than the
cutting position (prepreg tape piece PT’) is fed toward
the placement mechanism 27 by the downstream nip roll-
er pair 25. As a result, the prepreg tape piece PT’ having
a predetermined length is placed on the table 40 in the
same direction as the direction in which the supply head
20 is moved. Thus, the base-material forming machine
caries out a placement step for the prepreg tape piece
PT’ in accordance with the movement of the supply head
20.
[0039] In the above-described base-material forming
machine, the prepreg tape piece PT’ is placed next to
behind the previous prepreg tape piece PT’ that has been
placed previous thereto in the front-rear direction while
being aligned with the previous prepreg tape piece PT’
in the width direction. The prepreg tape pieces PT’ that
have been successively placed on the table 40 are joined

together on the table 40, so that an elongated sheet-
shaped reinforcing fiber base material (hereinafter re-
ferred to as a "prepreg sheet PS") formed of the prepreg
tape pieces PT’ is obtained. Accordingly, the longitudinal
direction of the prepreg sheet PS coincides with the
above-described front-rear direction, and the width direc-
tion of the prepreg sheet PS coincides with the above-
described width direction. Here, the term "behind" in the
front-rear direction used herein means toward the rear
(opposite to the front) in the feeding direction of the re-
inforcing fiber base material (prepreg sheet PS) when
the side at which the take-up mechanism, which will be
described below, is disposed is defined as the front.
[0040] The previous prepreg tape piece PT’ is already
integrated with the prepreg sheet PS when the subse-
quent prepreg tape piece PT’ is subsequently placed be-
hind the previous prepreg tape piece PT’. Therefore, in
practice, the subsequent prepreg tape piece PT’ is placed
behind the prepreg sheet PS. However, since the previ-
ous prepreg tape piece PT’ that has been placed previous
to the subsequent prepreg tape piece PT’ forms the rear
end portion of the prepreg sheet PS, it can be assumed
that the subsequent prepreg tape piece PT’ is paced next
to and behind the previous prepreg tape piece PT’, as
described above.
[0041] In this example, the prepreg sheet PS formed
as the reinforcing fiber base material contains reinforcing
fibers (carbon fibers) having an orientation direction that
is at predetermined angles with respect to the longitudinal
direction (front-rear direction) and the width direction, as
described above. In the prepreg tape piece PT’ that is
placed in the above-described manner, the reinforcing
fibers are oriented in the longitudinal direction of the pre-
preg tape piece PT’. Therefore, the above-described
placement step is performed by moving the supply head
20 in a direction that is at the predetermined angles with
respect to the front-rear direction and the width direction
of the table 40. In the following description, the predeter-
mined angles are represented by an angle with respect
to the width direction, and the angle is 30°.
[0042] The movement of the supply head 20 in the
placement step is realized by moving the columns 53 and
the crossbeam 55 of the gantry unit rearward while mov-
ing the saddle unit 57, which supports the supply head
20, in the width direction on the crossbeam 55. While
being moved, the supply head 20 is set to a state in which
the support plates 23 are parallel to the movement direc-
tion of the supply head 20 and the raw-material roller 21
is disposed in front of the placement mechanism 27 in
the movement direction. The supply head 20 is set to this
state by rotating the support shaft 57b, which supports
the supply head 20, with the head driving mechanism in
the saddle unit 57 of the support mechanism 50.
[0043] The sheet-shaped prepreg sheet PS formed by
successively placing the prepreg tape pieces PT’ in the
above-described manner is wound around a winding
shaft 45 included in the take-up mechanism disposed in
front of the table 40. The take-up mechanism is similar
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to a commonly known take-up mechanism, and detailed
description thereof will be omitted. The take-up mecha-
nism includes a support mechanism that supports the
winding shaft 45 and a driving mechanism that rotates
the winding shaft 45 supported by the support mecha-
nism (neither is illustrated). The take-up mechanism also
includes a guide roller 47 disposed between the table 40
and the winding shaft 45. The prepreg sheet PS formed
on the table 40 is guided toward the winding shaft 45 via
the guide roller 47, and is wound around the winding shaft
45. Thus, the prepreg sheet PS is transported toward the
front on the table 40.
[0044] The base-material forming machine of this ex-
ample also includes a positioning mechanism provided
on the table 40 and a welding mechanism 29 mounted
in the supply head 20 as structures for joining the prepreg
tape piece PT’ that is newly placed on the table 40 (sub-
sequent prepreg tape piece PT’) to the prepreg sheet PS
that has already been formed. These structures will be
described in detail.
[0045] The positioning mechanism is a mechanism for
positioning the newly placed prepreg tape piece PT’ so
that the prepreg tape piece PT’ adjoins the sheet-shaped
prepreg sheet PS, formed of the previously placed pre-
preg tape pieces PT’, without a gap therebetween in the
front-rear direction. The positioning mechanism includes
an abutting mechanism including a pressing plate 61 that
brings the prepreg tape piece PT’ into contact with an
edge of the prepreg sheet PS at the rear side (side at the
rear in the front-rear direction) (hereinafter referred to as
"rear edge"), and a position maintaining mechanism 63
that maintains the position of the prepreg tape piece PT’.
[0046] The pressing plate 61 included in the abutting
mechanism is a thin plate-shaped member having an
elongated rectangular shape in plan view, and the dimen-
sion thereof in the long-side direction is greater than the
dimension of the prepreg tape piece PT’ in the longitudi-
nal direction. The pressing plate 61 is disposed on the
table 40 at a position separated from the rear edge of the
prepreg sheet PS while the side surfaces thereof that
extend in the long-side direction are parallel to the rear
edge of the prepreg sheet PS. The abutting mechanism
also includes a driving mechanism (not illustrated) that
moves the pressing plate 61 along the table 40. The driv-
ing mechanism is configured to move the pressing plate
61 in a direction perpendicular to the rear edge of the
prepreg sheet PS. Thus, in the abutting mechanism, the
pressing plate 61 is driven so as to move toward and
away from the rear edge of the prepreg sheet PS while
the side surfaces thereof are parallel to the rear edge of
the prepreg sheet PS.
[0047] In the abutting mechanism, the pressing plate
61 is driven so as to move toward the prepreg sheet PS
after the prepreg tape piece PT’ is placed along the rear
edge of the prepreg sheet PS in the above-described
placement step. Accordingly, the newly placed prepreg
tape piece PT’ is pushed by the pressing plate 61 and
pressed against the rear edge of the prepreg sheet PS.

As a result, the prepreg tape piece PT’ is abutted against
the rear edge of the prepreg sheet PS on the table 40 so
as to adjoin the prepreg sheet PS without a gap there-
between. The amount by which the prepreg tape piece
PT’ is pushed by the pressing plate 61 (or the pressing
force applied by the pressing plate 61) is set so that the
prepreg tape piece PT’ is not deformed (squashed) in
the pushing direction.
[0048] The position maintaining mechanism 63 is a
mechanism for maintaining the position of the prepreg
tape piece PT’ relative to the prepreg sheet PS after the
prepreg tape piece PT’ has been abutted against the pre-
preg sheet PS as described above. The position main-
taining mechanism 63 includes a retaining plate 63a that
presses the prepreg sheet PS and the prepreg tape piece
PT’ from above to maintain the position of the prepreg
tape piece PT’ as described above.
[0049] More specifically, the position maintaining
mechanism 63 also includes a pair of leg blocks 63b and
a support beam 63c that extends between the leg blocks
63b. The leg blocks 63b are disposed on the table 40 so
as to be spaced from each other in the width direction
and are movable in the front-rear direction. The retaining
plate 63a is suspended from the support beam 63c.
Guide rails 41 a that extend in the front-rear direction are
disposed on the table 40 at both sides in the width direc-
tion. Each leg block 63b is movable in the front-rear di-
rection while being guided by the corresponding rail 41
a, and is moved by a driving mechanism (not illustrated)
in the front-rear direction.
[0050] The support beam 63c is located above the
placement surface of the table 40 such that both end
portions thereof are placed on the respective leg blocks
63b. The support beam 63c is rotatably connected to the
leg blocks 63b by pivot pins or the like. The positions of
the leg blocks 63b on the table 40 in the front-rear direc-
tion are set so that the support beam 63c is parallel to
the prepreg tape piece PT’ placed in the above-described
manner in plan view, that is, so that the support beam
63c is at an angle of 30° with respect to the width direction.
[0051] The retaining plate 63a is disposed below the
support beam 63c so that the retaining plate 63a is par-
allel to and overlaps with the support beam 63c in plan
view. The retaining plate 63a is supported by the support
beam 63c with driving means (for example, air cylinder,
not described in detail) for moving the retaining plate 63a
in the top-bottom direction provided therebetween.
Therefore, the retaining plate 63a can be moved down-
ward by the driving means to press the prepreg sheet PS
and the prepreg tape piece PT’ on the table 40, thereby
maintaining the positions thereof.
[0052] In addition, as illustrated in Fig. 3, the retaining
plate 63a has a through hole 63a1 that extends through
the retaining plate 63a in the thickness direction and that
is elongated in the long-side direction of the retaining
plate 63a. The retaining plate 63a is shaped such that a
narrow portion and a wide portion are connected to each
other at both ends thereof. The narrow portion is used to
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maintain the position of the prepreg tape piece PT’ that
has been placed, and the wide portion is used to maintain
the position of the prepreg sheet PS. The through hole
63a1 formed in the retaining plate 63a is large enough
to allow a welding head included in the above-described
welding mechanism 29 to pass therethrough.
[0053] The positioning mechanism including the abut-
ting mechanism and the position maintaining mechanism
additionally includes a mechanism for positioning the pre-
preg tape piece PT’ relative to the prepreg sheet PS in
the width direction as appropriate.
[0054] The welding mechanism 29 is mounted in the
supply head 20 as described above, and includes a weld-
er 29a for welding the prepreg tape piece PT’ to the pre-
preg sheet PS. The welder 29a is, for example, a heat
welder that applies heat generated by a heater mounted
therein to an object through a welding head 29a1. The
welder used for welding in the present invention is not
limited to the above-described heat welder, and may in-
stead be, for example, an infrared welder, an ultrasonic
welder, or a laser welder.
[0055] Similar to the placement guide 27a included in
the placement mechanism 27, the welder 29a included
in the welding mechanism 29 is also supported by a ball
screw mechanism. More specifically, the welding mech-
anism 29 includes a ball screw mechanism including a
driving motor 29b, a screw shaft 29c coupled with an
output shaft of the driving motor 29b, and a nut 29d
screwed on the screw shaft 29c. The welder 29a is sup-
ported by the nut 29d of the ball screw mechanism with
a bracket 29e provided therebetween. The welding
mechanism 29 also includes a guide (not illustrated) that
prevents the nut 29d and the bracket 29e from rotating
together with the screw shaft 29c and guides the move-
ment of the bracket 29e and the welder 29a in the top-
bottom direction. Thus, the welding mechanism 29 is
structured such that the driving motor 29b rotates the
screw shaft 29c to move the nut 29d and the bracket 29e
upward or downward depending on the rotation direction
of the screw shaft 29c, thereby moving the welder 29a
in the top-bottom direction.
[0056] The driving motor 29b of the welding mecha-
nism 29 is controlled so that the welding head 29a1
moves in the top-bottom direction between two positions:
a welding position, at which the welding head 29a1 is
located when welding is performed as described above
and which is close to the above-described placement sur-
face of the table 40, and a retracted position, at which
the welding head 29a1 is spaced from and above the
placement surface of the table 40. In the above-described
placement step, the welding head 29a1 of the welding
mechanism 29 is at the retracted position.
[0057] A method for manufacturing a prepreg sheet PS
as an elongated sheet-shaped reinforcing fiber base ma-
terial by using the base-material forming machine having
the above-described structure will now be described.
[0058] First, the base-material forming machine per-
forms the placement step of placing the (subsequent)

prepreg tape piece PT’ next to and behind the prepreg
sheet PS formed of the previously placed (previous) pre-
preg tape pieces PT’ on the table 40 so that the (subse-
quent) prepreg tape piece PT’ extends in a direction of
the rear edge of the prepreg sheet PS, that is, in a direc-
tion at an angle of 30° with respect to the width direction
of the prepreg sheet PS. As described above, the orien-
tation direction of the reinforcing fibers (carbon fibers)
contained in the prepreg tape piece PT’ is the same as
the longitudinal direction of the prepreg tape piece PT’.
In the placement step, the prepreg tape piece PT’ is
placed so as to be at an angle of 30° with respect to the
width direction of the prepreg sheet PS. Therefore, by
placing the prepreg tape piece PT’ in the above-de-
scribed manner, the orientation direction of the reinforc-
ing fibers (carbon fibers) is at an angle of 30° with respect
to the width direction of the prepreg sheet PS.
[0059] After the prepreg tape piece PT’ has been
placed in the above-described manner in the placement
step, the abutting mechanism of the positioning mecha-
nism is driven. More specifically, the pressing plate 61
included in the abutting mechanism is driven so as to
move toward the prepreg tape piece PT’ along the table
40. Accordingly, the prepreg tape piece PT’ placed on
the table 40 is pushed toward the prepreg sheet PS by
the pressing plate 61 and abutted against the rear edge
of the prepreg sheet PS, so that the prepreg tape piece
PT’ adjoins the prepreg sheet PS without a gap therebe-
tween.
[0060] The step of abutting the prepreg tape piece PT’
against the rear edge of the prepreg sheet PS (abutting
step) is a step for eliminating the gap between the prepreg
tape piece PT’ and the rear edge of the prepreg sheet
PS. When the prepreg tape piece PT’ is placed without
leaving a gap between the prepreg tape piece PT’ and
the rear edge of the prepreg sheet PS in the placement
step, and when the table 40, for example, is configured
to maintain the state in which there is no gap (when the
prepreg tape piece PT’ does not easily move), the abut-
ting step can be omitted. Therefore, in such a case, the
abutting mechanism included in the positioning mecha-
nism can also be omitted.
[0061] The position maintaining mechanism 63 includ-
ed in the positioning mechanism is driven in the state in
which the prepreg tape piece PT’ adjoins the prepreg
sheet PS without a gap therebetween as described
above. More specifically, first, the leg blocks 63b of the
position maintaining mechanism 63 are driven so as to
move rearward. The leg blocks 63b are moved while the
angle of the support beam 63c and the retaining plate
63a with respect to the width direction (30°) is maintained.
The movement of the leg blocks 63b is stopped when
the through hole 63a1 formed in the retaining plate 63a
reaches a position above the adjoining portions of the
prepreg sheet PS and the prepreg tape piece PT’ (the
rear edge of the prepreg sheet PS and the edge of the
prepreg tape piece PT’ abutted against the rear edge of
the prepreg sheet PS) in the front-rear direction. Accord-
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ingly, in plan view, the adjoining portions are located at
the center of the through hole 63a1 in the retaining plate
63a in the front-rear direction. Also, the narrow portion
is located above the prepreg tape piece PT’, and the wide
portion is located above the prepreg sheet PS.
[0062] Next, the retaining plate 63a of the position
maintaining mechanism 63 is moved downward (toward
the prepreg sheet PS and the prepreg tape piece PT’)
while the retaining plate 63a is arranged in the above-
described manner. Thus, the retaining plate 63a of the
position maintaining mechanism 63 presses the prepreg
sheet PS against the table 40 with the wide portion at a
location near the rear edge of the prepreg sheet PS, and
presses the prepreg tape piece PT’ against the table 40
with the narrow portion. As a result, the position of the
prepreg tape piece PT’ relative to the prepreg sheet PS
is maintained while an edge of the prepreg tape piece
PT’ is abutted against the rear edge of the prepreg sheet
PS. When the step of maintaining the position of the pre-
preg tape piece PT’ (position maintaining step) is com-
pleted, the abutting mechanism is driven so that the
pressing plate 61 moves away from the prepreg tape
piece PT’.
[0063] Then, a welding step of welding the prepreg
tape piece PT’ to the prepreg sheet PS is performed by
the welding mechanism 29 mounted in the supply head
20. In this example, the welding step is performed by
moving the supply head 20 along the movement path for
the placement step in a direction opposite to the move-
ment direction for the placement step. More specifically,
in this example, the placement step is performed by mov-
ing the supply head 20 in one direction (for example, in
a direction from left to right (upper right) in Fig. 3), and
the supply head 20 is returned to the start position of the
placement step by moving the supply head 20 along the
movement path for the placement step in the opposite
direction (for example, from right to left (lower left) in Fig.
3). The welding step is performed while the supply head
20 is being returned.
[0064] In the welding step, the supply head 20 is set
so that the placement guide 27a, which has been located
at the operation position in the placement step, is at the
retracted position, and the welding head 29a1, which has
been located at the retracted position in the placement
step, is at the welding position (Fig. 2B). In this state, the
welding head 29a1 of the welding mechanism 29 (welder
29a) is inserted through the through hole 63a1 of the
retaining plate 63a that has been set to press the prepreg
sheet PS and the prepreg tape piece PT’ in the above-
described position maintaining step.
[0065] When the supply head 20 in the above-de-
scribed state is moved in the above-described manner,
the welder 29a of the welding mechanism 29 moves
along the rear edge (edge at the rear side) of the prepreg
sheet PS and the edge of the prepreg tape piece PT’ that
are abutted against each other, that is, along the adjoin-
ing edges of the prepreg sheet PS and the prepreg tape
piece PT’. Accordingly, the welding head 29a1 of the

welder 29a is moved so as to follow the edge portions
including the adjoining edges of the prepreg sheet PS
and the prepreg tape piece PT’ and the regions around
the adjoining edges (portions indicated by the slanted
lines in Fig. 3).
[0066] Accordingly, the adjoining edge portion of the
(previous) prepreg tape piece PT’ that defines the rear
end portion of the prepreg sheet PS and the adjoining
edge portion of the (subsequent) prepreg tape piece PT’
are heated so that the thermoplastic resin contained in
the prepreg tape pieces PT’ is melted at the adjoining
edge portions. As a result, the thermoplastic resin con-
tained in the edge portion of the prepreg sheet PS (pre-
vious prepreg tape piece PT’) and the thermoplastic resin
contained in the edge portion of the (subsequent) prepreg
tape piece PT’ are joined together. When the welding
head 29a1 moves away, the edge portions are no longer
heated so that the temperature thereof decreases. Ac-
cordingly, the melted and joined thermoplastic resin is
cured, and the (subsequent) prepreg tape piece PT’ that
has been newly placed in the placement step is joined
to the prepreg sheet PS and integrated with the prepreg
sheet PS as a result. In other words, the prepreg tape
piece PT’ is joined to the prepreg sheet PS so that the
prepreg sheet PS receives an additional portion thereof.
[0067] Thus, according to the manufacturing method
of this example based on the present invention, unlike
the manufacturing method of the related art in which a
sheet-shaped support member, such as a film, is used
and in which reinforcing fiber material pieces are placed
on and welded to the support member, the prepreg tape
pieces PT’, which serve as reinforcing fiber material piec-
es and which are successively arranged next to each
other in the front-rear direction on the table 40, are formed
in the shape of a sheet by joining the adjoining edges
thereof by heat welding. Thus, a prepreg sheet PS formed
of the prepreg tape pieces PT’ can be obtained as a
sheet-shaped reinforcing fiber base material. In other
words, according to the manufacturing method, a rein-
forcing fiber base material (prepreg sheet PS) which in-
cludes only the reinforcing fiber material pieces (prepreg
tape pieces PT’) and does not include the support mem-
ber as in the related art can be obtained.
[0068] After the welding step is completed, the position
maintaining mechanism 63 is driven to move the retaining
plate 63a upward so that the prepreg sheet PS is released
from the state in which the position thereof is maintained
by the retaining plate 63a. Then, the placement step is
performed again to place a new prepreg tape piece PT’
behind the prepreg sheet PS formed in the above-de-
scribed manner. The placement step and the following
steps are repeated so that the prepreg sheet PS is grad-
ually formed (manufactured) in the shape of an elongated
sheet. The orientation direction of the reinforcing fibers
contained in the prepreg sheet PS manufactured in the
above-described manner is at an angle of 30° with re-
spect to the width direction of the prepreg sheet PS. Thus,
the prepreg sheet PS is formed so that the orientation
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direction of the reinforcing fibers contained therein is at
an angle with respect to the longitudinal direction and the
width direction thereof.
[0069] Then, the prepreg sheet PS formed in the
above-described manner is wound around the winding
shaft 45 of the take-up mechanism as described above,
and is moved forward (in the feeding direction) on the
table 40 as the prepreg sheet PS is wound.
[0070] The driving operation of the winding shaft 45 of
the take-up mechanism is performed between the weld-
ing step and the placement step that are repeated as
described above, and is performed intermittently in ac-
cordance with the welding step. More specifically, every
time the welding step is completed, the winding shaft 45
is driven once so as to wind the prepreg sheet PS so that
the prepreg sheet PS (the rear edge) is moved forward
by an amount corresponding to the width of the prepreg
tape PT (prepreg tape piece PT’). The winding shaft 45
may instead be driven once every time the cycle from
the placement step to the welding step for forming the
prepreg sheet PS is performed n times (n ≥ 2). In such
a case, every time the welding step is completed for the
nth time, the prepreg sheet PS is wound so that the pre-
preg sheet PS (the rear edge) is moved forward by an
amount corresponding to n times the width of the prepreg
tape PT (prepreg tape piece PT’). In the former case, the
placement step is performed at the same position on the
table 40 every time. In the latter case, the placement step
is performed so that the position at which the prepreg
tape piece PT’ is placed is gradually moved rearward
while the cycle of forming the prepreg sheet PS is repeat-
ed n times.
[0071] In the above-described example, the prepreg
sheet PS, which is a reinforcing fiber base material man-
ufactured by the manufacturing method based on the
present invention, is such that the orientation direction
of the reinforcing fibers contained therein is at an angle
with respect to both the longitudinal direction and the
width direction of the prepreg sheet PS, and the angle is
30° with respect to the width direction (that is, 60° with
respect to the longitudinal direction). However, this is
merely an example, and the orientation direction (angle)
may be set otherwise as appropriate depending on the
reinforcing fiber base material to be manufactured. In oth-
er words, the orientation direction (angle) of the reinforc-
ing fibers in the reinforcing fiber base material manufac-
tured by the manufacturing method of the present inven-
tion is not limited to the above-mentioned angle, and may
instead be set to any other angle, such as 60° or 45° with
respect to the width direction.
[0072] In addition, the reinforcing fiber base material
is not limited to those in which the orientation direction
(angle) of the reinforcing fibers is at an angle with respect
to both the longitudinal direction and the width direction
of the reinforcing fiber base material as described above,
and the orientation direction may be parallel to the width
direction (at an angle of 90° with respect to the longitu-
dinal direction). In this case, the supply head 20 is moved

in a direction parallel to the width direction in the above-
described placement step.
[0073] As described above, the reinforcing fiber base
material manufactured by the manufacturing method of
the present invention is set so that the orientation direc-
tion of the reinforcing fibers contained therein is at an
angle with respect to at least the longitudinal direction of
the reinforcing fiber base material. The manufacturing
method of the present invention may be applied to man-
ufacture reinforcing fiber base materials in which the ori-
entation direction of the reinforcing fibers is set to various
angles.
[0074] The present invention is not limited to the
above-described embodiment (hereinafter referred to as
"example"), and embodiments (modifications) described
below are also possible.

(1) The above-described example is an embodiment
in which the manufacturing method according to the
present invention is automatically implemented by a
base-material forming machine. The base-material
forming machine is a machine based on an automat-
ic lay-up machine, that is, a machine in which the
placement step is performed by moving the supply
head 20, in which the raw-material roller obtained by
winding the reinforcing fiber material is mounted,
above the table 40. However, the manufacturing
method according to the present invention may also
be automatically implemented by a machine other
than the machine according to the above-described
example. For example, a base-material forming ma-
chine illustrated in Fig. 4 may instead be used. This
base-material forming machine will now be de-
scribed in detail.

[0075] A table 80, on which a welding step and other
steps are performed, is structured such that a portion
thereof is movable in the width direction. More specifi-
cally, the table 80 includes a table base 81, which serves
as a base of the table 80, and a movable board 83 that
is movable in the width direction in a guide groove 81 a
formed in the table base 81. The table base 81 includes
a main body 81 b on which the welding step and other
steps are performed and a guide portion 81 c that is in-
tegrated with the main body 81 b so as to extend in the
width direction at the position of the guide groove 81 a.
The guide groove 81 a in the table base 81 extends in
the width direction over the main body 81 b and the guide
portion 81 c. Accordingly, the movable board 83 is mov-
able between the main body 81 b and the guide portion
81 c in the guide groove 81 a. The table 80 includes a
driving mechanism (not illustrated) disposed between the
table base 81 (guide groove 81a) and the movable board
83. The movable board 83 is driven by the driving mech-
anism so as to move between the main body 81 b and
the guide portion 81 c of the table base 81.
[0076] A support base 71 is disposed next to the guide
portion 81 c of the table base 81 of the table 80 in the
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width direction. A raw-material roller 21 is supported
above the support base 71 by a support mechanism (not
illustrated) including a driving mechanism that rotates the
raw-material roller 21. Similar to the raw-material roller
21 mounted in the supply head 20 of the base-material
forming machine according to the above-described ex-
ample, this raw-material roller 21 is also formed by wind-
ing an elongated prepreg tape PT. The prepreg tape PT
is made of a thermoplastic UD prepreg material as in the
above-described example. The base-material forming
machine manufactures a prepreg sheet PS in which the
orientation direction of the reinforcing fibers (carbon fib-
ers) is at an angle of 90° with respect to the longitudinal
direction of the prepreg sheet PS.
[0077] The support base 71, above which the raw-ma-
terial roller 21 is supported, includes a receiving pad 71
a. The receiving pad 71 a extends to a region above an
end portion of the guide portion 81 c in the width direction.
The prepreg tape PT pulled from the raw-material roller
21 is guided to the table 80 (guide portion 81 c) through
the region above the receiving pad 71 a. A cutting device
including a cutter (neither is illustrated) is provided above
the receiving pad 71 a. The prepreg tape PT pulled from
the raw-material roller 21 is cut by cooperation of the
cutter included in the cutting device and the receiving
pad 71 a.
[0078] A take-up mechanism, which takes up the pre-
preg sheet PS manufactured on the table 80, is disposed
in front of the main body 81 b of the table base 81 of the
table 80. The take-up mechanism has the same structure
as that of the take-up mechanism included in the base-
material forming machine according to the above-de-
scribed example, and includes a winding shaft 45 and a
guide roller 47.
[0079] A pulling mechanism 73 that is movable in the
width direction (direction in which the guide portion 81c
extends) is disposed above the guide portion 81c of the
table base 81 of the table 80. The pulling mechanism 73
includes a holding head 73a capable of holding the pre-
preg tape PT by, for example, air suction. The pulling
mechanism 73 is moved above the guide portion 81c in
the width direction by a driving mechanism (not illustrat-
ed) mounted therein.
[0080] An abutting mechanism that corresponds to the
abutting mechanism included in the base-material form-
ing machine according to the above-described example
and that includes a pressing plate 85 is disposed on the
main body 81 b of the table base 81 of the table 80. The
abutting mechanism is configured such that the pressing
plate 85 is driven by a driving device 85a (not illustrated
in detail) to move in the front-rear direction on the table
80. In the abutting mechanism, the driving device 85a is
disposed on the top surface of a portion of the main body
81 b of the table base 81 behind the guide groove 81 a
(rear portion). The pressing plate 85 is also disposed on
the rear portion of the main body 81 b at the initial position
thereof. The driving device 85a is capable of moving the
pressing plate 85 forward in the front-rear direction be-

yond the guide groove 81 a.
[0081] The height (dimension in the top-bottom direc-
tion) of the movable board 83 of the table 80 is set in
accordance with the depth of the guide groove 81 a so
that the top surface of the movable board 83 and the top
surface of the main body 81 b are at the same height.
Thus, the table 80 is configured such that when the mov-
able board 83 is within the range of the main body 81 b
in the width direction, the top surface of the movable
board 83 and the top surface of the main body 81 b are
on the same plane in the top-bottom direction. Accord-
ingly, when the movable board 83 of the table 80 is lo-
cated in front of the abutting mechanism, the pressing
plate 85, which is disposed on the rear portion of the main
body 81 b at the initial position thereof, is movable to a
portion of the main body 81 b in front of the guide groove
81 a (front portion) over the movable board 83.
[0082] A pair of guide rails 81 d is provided on the top
surface of the front portion of the main body 81 b of the
table base 81 of the table 80. The guide rails 81 d extend
in the front-rear direction and are separated from each
other in the width direction. A welding mechanism 87 (not
illustrated in detail) is disposed above the front portion
of the main body 81 b. The welding mechanism 87 is
movable in the front-rear direction while being guided by
the guide rails 81d.
[0083] The welding mechanism 87 of this example has
the function of the position maintaining mechanism in-
cluded in the base-material forming machine according
to the above-described example. More specifically, the
welding mechanism 87 includes not only a welding head
for welding the prepreg tape piece PT’ to the prepreg
sheet PS but also a retaining plate for pressing the pre-
preg sheet PS and the prepreg tape piece PT’ against
the table 80 (main body 81 b) to maintain the position of
the prepreg tape piece PT’ relative to the prepreg sheet
PS. In addition, the welding mechanism 87 also includes
driving means for moving the welding head and the re-
taining plate in the top-bottom direction.
[0084] In this example, the welding head of the welding
mechanism 87 extends over the entire width of the pre-
preg sheet PS in the width direction, and is capable of
simultaneously heating the adjoining portions of the pre-
preg sheet PS and the prepreg tape piece PT’ over the
entire width thereof in the width direction. However, the
welding head may instead be configured to move in the
width direction and heat the adjoining portions of the pre-
preg sheet PS and the prepreg tape piece PT’ from one
end thereof in the width direction, as in the above-de-
scribed example. The position maintaining mechanism
included in the welding mechanism 87 has a structure
similar to that in the above-described example. However,
the position maintaining mechanism may instead be con-
figured so that a retaining plate for pressing the prepreg
sheet PS and a retaining plate for pressing the prepreg
tape piece PT’ are provided as separate plates and are
driven by their respective driving means so as to move
in the top-bottom direction.
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[0085] In the above-described base-material forming
machine illustrated in Fig. 4, first, the movable board 83
is disposed on the guide portion 81 c of the table base
81 of the table 80, and the pulling mechanism 73 is dis-
posed above the receiving pad 71 a of the support base
71. Then, in this state, the pulling mechanism 73 causes
the holding head 73a to hold a leading end portion of the
prepreg tape PT on the receiving pad 71 a by suction,
and moves along the guide portion 81 c toward the main
body 81 b, so that the prepreg tape PT is pulled from the
raw-material roller 21. Then, when the length of a portion
of the prepreg tape PT that is pulled from the raw-material
roller 21 reaches a predetermined length (length equal
to the width of the prepreg sheet PS), the movement of
the pulling mechanism 73 is temporarily stopped and the
prepreg tape PT is cut by the cutting device on the re-
ceiving pad 71 a. Accordingly, the prepreg tape piece
PT’ is cut off from the prepreg tape PT connected to the
raw-material roller 21.
[0086] After the prepreg tape piece PT’ is cut off, the
pulling mechanism 73 starts to move again, and stops
when the pulling mechanism 73 reaches a predetermined
position above the movable board 83, which is disposed
on the guide portion 81 c as described above. Then, the
holding head 73a of the pulling mechanism 73 is driven
so as to move downward so that the prepreg tape piece
PT’ held by the holding head 73a is laid on the movable
board 83, and the prepreg tape piece PT’ is released
from the holding head 73a. Thus, the prepreg tape piece
PT’ is placed on the movable board 83 (table 80) (place-
ment step).
[0087] Then, the movable board 83 is driven so as to
move toward the main body 81 b of the table base 81 to
a position in front of the abutting mechanism, which is
disposed on the rear portion of the main body 81 b. In
this state, the abutting mechanism is driven so that the
pressing plate 85 moves forward. Accordingly, the pre-
preg tape piece PT’ on the movable board 83 is pushed
toward the front portion of the main body 81 b by the
pressing plate 85 and abutted against the rear edge of
the prepreg sheet PS on the front portion of the main
body 81 b (abutting step).
[0088] In the state in which the prepreg sheet PS and
the prepreg tape piece PT’ are abutted against each oth-
er, the welding mechanism 87 is driven so that the posi-
tion maintaining mechanism maintains the position of the
prepreg tape piece PT’ relative to the prepreg sheet PS
as in the above-described example (position maintaining
step), and the welding head performs the welding step.
As a result, the prepreg tape piece PT’ is joined to the
prepreg sheet PS and integrated with the prepreg sheet
PS. The prepreg sheet PS that has been formed (man-
ufactured) in the above-described manner contains re-
inforcing fibers (carbon fibers) oriented in a direction at
an angle of 90° with respect to the longitudinal direction.
[0089] In the base-material forming machine illustrated
in Fig. 4, the movable board included in the table 80 may
instead be disc-shaped and configured to be rotatable

by a predetermined angle while being disposed in front
of the abutting mechanism, and the abutting mechanism
and the welding mechanism may be configured to be
capable of operating in accordance with the predeter-
mined angle. In such a case, similar to the above-de-
scribed example, a prepreg sheet PS in which the orien-
tation direction of the reinforcing fibers is at an angle with
respect to both the longitudinal direction and the width
direction of the prepreg sheet PS can be formed.

(2) In the above-described example, the prepreg
sheet PS and the prepreg tape piece PT’ are pressed
from above by the retaining plate to maintain the po-
sitions thereof on the table (position of the prepreg
tape piece PT’ relative to the prepreg sheet PS) in
the above-described position maintaining step. How-
ever, the structure for maintaining the positions is
not limited to those including the retaining plate. For
example, the structure for maintaining the positions
may instead be obtained by forming holes in the table
so that the holes open in the top surface of the table
and are connected to the outside. The prepreg sheet
PS and the prepreg tape piece PT’ on the table may
be held by suction (vacuum suction) by sucking air
through the holes.
In the structure in which the prepreg sheet PS and
the prepreg tape piece PT’ are held on the table by
suction as described above, when the placement
step may be performed so that the prepreg tape
piece PT’ extends along the rear edge of the prepreg
sheet PS as in the above-described example, and
when the prepreg tape piece PT’ can be placed with-
out leaving a gap between the prepreg tape piece
PT’ and the rear edge of the prepreg sheet PS in the
front-rear direction of the table, the abutting step of
abutting the above-described prepreg tape piece PT’
against the rear edge of the prepreg sheet PS can
be omitted.
In the above-described base-material forming ma-
chine illustrated in Fig. 4, the movable board 83 that
moves with the prepreg tape piece PT’ placed ther-
eon is preferably configured so that the prepreg tape
piece PT’ is held by suction in the above-described
manner. The prepreg tape piece PT’ held on the mov-
able board 83 by suction needs to be released in the
abutting step performed by the above-described
abutting mechanism.
(3) In the above-described example, the elongated
prepreg tape PT is prepared in the form of a raw-
material roller (roll body) obtained by winding the pre-
preg tape PT, and the prepreg tape piece PT’ is cut
off from the prepreg tape PT pulled from the raw-
material roller in the base-material forming machine.
In other words, the prepreg tape piece PT’, which
serves as the reinforcing fiber material piece, is ob-
tained by cutting off a portion of the elongated pre-
preg tape PT. According to the present invention,
even when the reinforcing fiber material piece used
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to manufacture the reinforcing fiber base material is
obtained by cutting the reinforcing fiber material
piece off from an elongated (sheet-shaped or tape-
shaped) reinforcing fiber material, the reinforcing fib-
er material piece may be prepared as a reinforcing
fiber material piece cut in a predetermined shape
(size) in advance before being supplied to the base-
material forming machine instead of being cut in the
base-material forming machine. In this case, the re-
inforcing fiber material piece cut in advance is sup-
plied to the base-material forming machine. The re-
inforcing fiber material piece is not limited to those
obtained by cutting an elongated reinforcing fiber
material as described above, and may instead be
formed as a fiber material piece having a desired
shape.
(4) In the above-described example, for example,
the prepreg sheet PS, which serves as a reinforcing
fiber base material, is automatically manufactured
by the above-described base-material forming ma-
chine. However, the manufacturing method of the
present invention is not limited to an embodiment in
which the method is carried out automatically by a
base-material forming machine, and also includes
an embodiment in which the method is carried out
manually by a worker. In other words, the manufac-
turing method of the present invention may be car-
ried out by a worker by successively placing rein-
forcing fiber material pieces prepared in advance on-
to a table (placement step), abutting adjoining edges
of the (previous) reinforcing fiber material piece that
has been previously placed and the (subsequent)
reinforcing fiber material piece that has been placed
subsequent thereto against each other, and heat
welding the adjoining portions together by using a
manually operated welder, such as a soldering iron
or a heat sealer, while the state in which the adjoining
edges are abutted against each other is maintained.
(5) In the above-described example, the reinforcing
fiber material piece used to form the reinforcing fiber
base material is a carbon fiber prepreg sheet (tape)
material obtained by impregnating carbon fibers,
which serve as reinforcing fibers, with a thermoplas-
tic resin, which serves as a matrix resin. However,
in the present invention, the reinforcing fiber material
piece may instead contain, instead of the above-de-
scribed carbon fibers, glass fibers, aramid fibers, pol-
yethylene fibers, etc., as reinforcing fibers. The re-
inforcing fiber material piece is not limited to those
formed as prepreg by impregnating the reinforcing
fibers with the matrix resin (thermoplastic resin) as
described above, and may instead be a so-called
semi-preg obtained by applying a sufficient amount
of matrix resin to the reinforcing fibers to keep the
reinforcing fibers bound together.

[0090] The present invention is not limited to any of the
above-described embodiments, and various modifica-

tions are possible within the scope of the present inven-
tion.

Claims

1. A method for manufacturing a reinforcing fiber base
material (PS) having a shape of a continuous elon-
gated sheet and used to manufacture a fiber rein-
forced composite material, the reinforcing fiber base
material (PS) including reinforcing fibers oriented in
a same orientation direction and a thermoplastic res-
in and being formed so that the orientation direction
of the reinforcing fibers is at an angle with respect
to a longitudinal direction of the reinforcing fiber base
material (PS), the method comprising:

a placement step of placing a sheet-shaped re-
inforcing fiber material piece (PT’), in which the
reinforcing fibers are arranged so as to extend
in one direction and bound together with the
thermoplastic resin, on a table (40, 80) so that
the orientation direction of the reinforcing fibers
is at an angle with respect to the longitudinal
direction of the reinforcing fiber base material
(PS), the reinforcing fiber material piece (PT’)
being placed behind the previous reinforcing fib-
er material piece (PT’) that has been placed pre-
vious thereto in a feeding direction of the rein-
forcing fiber base material (PS) on the table (40,
80), the feeding direction being parallel to the
longitudinal direction; and
a welding step in which, in a state in which the
previous reinforcing fiber material piece (PT’)
and the subsequent reinforcing fiber material
piece (PT’) placed subsequent thereto are abut-
ted against each other in the longitudinal direc-
tion, adjoining edges of the previous reinforcing
fiber material piece (PT’) and the subsequent
reinforcing fiber material piece (PT’) are welded
together to form a continuous sheet shape.

2. A reinforcing fiber base material (PS) having a shape
of a continuous elongated sheet and used to manu-
facture a fiber reinforced composite material,
wherein sheet-shaped reinforcing fiber material
pieces (PT’), in each of which reinforcing fibers are
arranged so as to extend in one direction and bound
together with a thermoplastic resin, are arranged in
a longitudinal direction of the reinforcing fiber base
material (PS) in such a state that the reinforcing fib-
ers are oriented in a direction that differs from the
longitudinal direction, and adjoining edges of the re-
inforcing fiber material pieces (PT’) that adjoin each
other in the longitudinal direction are welded and in-
tegrated together so that the reinforcing fiber base
material (PS) is formed in a continuous sheet shape.

23 24 



EP 3 243 641 A1

14



EP 3 243 641 A1

15



EP 3 243 641 A1

16



EP 3 243 641 A1

17



EP 3 243 641 A1

18



EP 3 243 641 A1

19

5

10

15

20

25

30

35

40

45

50

55



EP 3 243 641 A1

20

5

10

15

20

25

30

35

40

45

50

55



EP 3 243 641 A1

21

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• JP 2011219269 A [0007] • JP 2015217540 A [0017]


	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

